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A SELF-CLEANING SPRAY NOZZLE ° 
FIELD OF THE INVENTION 

The present invention relates to a self-cleaning spray nozzle and in particular to a self- 
cleaning spray nozzle for use in an apparatus for the preparation of a particulate material 
5 by a controlled agglomeration method, i.e. a method for controlled growth of particle size. 
The apparatus is especially suitable for use in the preparation of pharmaceutical 
compositions containing a therapeutically and/or prophylactically active substance which 
has a relatively low aqueous solubility and/or which is subject to chemical decomposition. 

BACKGROUND OF THE INVENTION 

10 The controlled agglomeration method is disclosed in International Patent Application No. 
PCT/DK02/00472 assigned to the present Applicant. The method enables preparation of 
pharmaceutical compositions for oral use that release the active substance from the 
composition in a suitable manner to enable an absorption of the active substance into the 
circulatory system. 

15 A controlled agglomeration process may be carried out in a high or low shear mixer or in a 
fluid bed. According to the method, a carrier or a carrier composition is sprayed on a 
second composition which is loaded into the mixer or the fluid bed. Typically, the carrier or 
the carrier composition is heated to a temperature above the melting point of the carrier 
and/or the carrier composition. The second composition is not subjected to any heating 

20 and thus, stays at ambient temperature. The difference in temperature between the carrier 
and the second composition makes the carrier solidify rapidly which in turn leads to a 
controlled growth of the particle size. Thus, the inventors have found that by employing 
such conditions it is possible to control the agglomeration process so that the growth in 
particle size is controlled. 

25 Throughout the present description, the term "carrier is used as an abbreviation of the 
term "carrier composition". A carrier composition comprises one or more carriers, 
optionally together with one or more other ingredients. Thus, the carrier composition may 
comprise a mixture of hydrophilic and/or hydrophobic carriers and/or surfactants. The 
carrier composition may also comprise one or more therapeutically and/or prophylactically 

30 active substances and/or one or more pharmaceutical acceptable excipients. 



SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a self-cleaning spray nozzle that is 
capable of reliable co-operation with a shear mixer or a fluid bed in an apparatus 
operating in accordance with the controlled agglomeration method. 

5 The spray nozzle should neither be susceptible to depositions of fluidised particles, carrier 
droplets, nor solidified carrier particles. 

According to the present invention, the above-mentioned and other objects are fulfilled by 
a spray nozzle comprising a central passage for supply of a liquid, the passage 
terminating in an orifice for discharge of the liquid, a first passage for supply of pnmary a.r. 

10 the first passage terminating in a first discharge opening causing air supplied through the 
first passage to be mixed with the liquid to provide a liquid/air spray. The spray nozzle 
further comprises a second passage for supply of secondary air. the second passage 
terminating in a second discharge opening, heated air supplied through the second 
passage preventing deposition of material on outer surfaces of the spray nozzle adjacent 

15 the orifice. 

Further, an apparatus is provided for controlled agglomeration, comprising the spray 
nozzle according to the present invention, and a fluid bed for fluidisation of a second 
composition. 

The spray nozzle may be mounted at the top of the fluid bed. at the side of the fluid bed or 
20 at the bottom of the fluid bed as is well-known in the art. 

The fluid bed may e.g. be a roto fluid bed. a Wurster fluid bed. a Kugel coater. etc. 

Still further, an apparatus is provided comprising the spray nozzle and an intensive mixer 
for mixing of the second composition. 

The intensive mixer may be a high shear mixer, a low shear mixer, a horizontal mixer, a 
25 vertical mixer etc. 

Yet further, an apparatus is provided comprising the spray nozzle mounted in a spray 
dryer, e.g. mounted at the top of the spray dryer or mounted at the bottom of the spray 
dryer. 



The second composition may have a temperature of at the most a temperature 
corresponding to a melting point of a carrier, such as a temperature of at least about 2 °C, 
at least about 5 °C or at least about 10 °C lower than the melting point of the carrier. In 
the apparatus, the spray nozzle is mounted for spraying a first composition comprising the 
5 carrier in liquid form, on the second composition fluidised in the fluid bed or mixed in the 
intensive mixer, pr the spray nozzle is mounted for spray drying the first composition in a 
spray dryer. 

A temperature and pressure controlled tank containing the first composition is connected 
to the central passage for supply of the first composition at a temperature above the 
10 melting point of the carrier. Further, a first temperature controlled pressurised air supply 
that is connected to the first passage for supplying heated atomising air to the spray 
nozzle, and a second temperature controlled pressurised air supply that is connected to 
the second passage for supplying heated cleaning air to the spray nozzle. 

During co-operation with the fluid bed, the intensive mixer, the spray dryer, etc, the spray 
15 nozzle according to the present invention is situated in a complex air flow that may 
transport particles or droplets of the first composition and particles of the second 
composition to surfaces of the spray nozzle. The heated cleaning air supplied from the 
second discharge opening of the spray nozzle inhibits and substantially prevents 
deposition of such particles on the surfaces of the spray nozzle. Thus, spraying is 
20 sustained by the spray nozzle throughout the required process time. 

The spray nozzle is well-suited for spraying a high temperature melt in any environment. 

It is believed that this advantageous effect of the cleaning air is caused by the cleaning air 
flow as such in combination with heating by the cleaning air of the surfaces. There is an 
optimum temperature range for the cleaning air. If the temperature of the cleaning air is 
25 too high the particles or droplets tend to stick to the surfaces and, if the temperature is too 
low, droplets tend to solidify on the surfaces. 

The optimum temperature range is related to the melting point of the carrier. 

The carrier may have a melting point of about 5 °C or more such as, e.g., about 10 °C or 
more, about 20°C or more or about 25 °C or more. 

30 The temperature of the cleaning air must be sufficiently low to cool the surface of the 
nozzle tip to the lower end of the melting temperature range of the carrier. If the 



temperature is higher, adhesion of liquid droplets might result in deposits of solid second 
composition material. If the temperature is lower, liquid droplets might solidify and act as 
seeding for build up of deposits. 

As further described below, proper atomisation of the first composition requires that the 
5 atomising air temperature at the nozzle orifice exceeds or at least correspond to the 
melting temperature of the carrier. Because of the rapid temperature drop with distance to 
the nozzle orifice, a high temperature of the atomising air is preferred. The upper 
temperature limit is defined by the boiling point of the carrier. However, the atomising air 
heats the nozzle cap and thereby the outer surfaces of the nozzle, and therefore the heat 
10 insulation properties of the nozzle cap influences the maximum obtainable atomising air 
temperature. 

In a preferred embodiment of the invention, the second discharge opening is positioned at 
a distance upstream in relation to the first discharge opening. 

The first discharge opening may be generally concentric with the orifice. 

15 The second discharge opening may be generally concentric with the first discharge 
opening. 

Preferably, the spray nozzle comprises a central tube, the interior of which defines the 
central passage. The central tube may be made of stainless steel or may be made of a 
heat-resistant plastic, such as PTFE, silicone, PVC, polyethylene, etc. 

20 Preferably, the central tube is removably positioned in the spray nozzle 

In a preferred embodiment the central tube is a flexible hose for easy instalment of the 
hose in the spray nozzle. The hose may be a teflon hose, and one end of the hose may 
be provided with thread for fastening of the hose to a nozzle cone. 

Further, the spray nozzle may comprise a second tube surrounding the central tube, the 
25 first passage being defined between the central tube and the second tube. Preferably, the 
second tube is made of stainless steel. 

The spray nozzle may comprise a third tube surrounding the second tube, the second 
passage being defined between the second and the third tube. Preferably, the third tube is 
made of stainless steel. 



A nozzle cone may be provided that is positioned at the end of the second tube 
comprising the first discharge opening. Preferably, the nozzie cone is made of plastc 
such as polycarbonate, or nylon or stainless steel. The nozzle cone may be removably 
attached to the first tube. 
5 A jacket may be provided that is positioned at the end of the third tube and comprising the 
second discharge opening. Further, the jacket may be movably positioned at the end of 
the third tube for adjustment of the size of the second discharge opening, and the jacket 
may be removably attached to the third tube. 

Preferably, the jacket is tapered towards the second discharge opening so that during 
10 spraying the jacket substantially does not present any horizontal surfaces whereby 
deposition of substance on the spray nozzle is further minimised. 

The spray nozzle may be provided with a teflon coated surface, e.g. the jacket may be 
teflon coated, the nozzle cone may be teflon coated, etc. for further inhibition of deposition 
of particles on the respective surfaces. 
1 5 The spray nozzle may be angled so that it comprises a first part that extends along a first 
axis and a second part extending along a second axis that forms an angle a with the first 
axis. The angle a may be approximately equal to 90°. or less than 90°. such as 
approximately equal to 60°. 

The apparatus enables incorporation In a solid material of a high load of a carrier of a type 
20 that e.g. due to its solubility properties enables a high load of therapeutically and/or 
prophylactically active substances with a relatively low aqueous solubility. The earner .s 
normally solid or semi-solid and normally it has a sticky, oily or waxy character. However, 
the carrier may also be fluid at room temperature or even at temperature below 5 "C and 
in such cases it is contemplated that the apparatus is operated by employment of cooling 

25 of the second composition. By employment of the novel controlled agglomeration 
apparatus a particulate material with a high load of carrier may be prepared and the 
resulting particulate material appears as a particulate powder in solid form. The particulate 
material obtained by the novel apparatus has excellent properties with respect to 
flowability, bulk density, compactabilily and thus, it is suitable for use in the preparation of 

30 e.g. tablets. Although the particulate material may have a high load of a carrier of 
substantially sticky character the particulate material prepared has minimal, if any, 
adherence to tablet punches and/or dies during manufacture of tablets. 
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CARRIERS 

Preferably, the carrier is of a type which has a melting point of at least about 25 °C such 
as. e.g., at least about 30 °C at least about 35 °C or at least about 40 °C. For practical 
reasons, the melting point may not be too high. thus, the carrier normally has a melting 

5 point of at the most about 300 °C such as, e.g., at the most about 250 °C, at the most 
about 200 "C. at the most about 150 °C or at the most about 100 °C. If the melting point is 
higher then it becomes very difficult to ensure maintenance of a sufficient high 
temperature during the delivery of the carrier to the spraying equipment necessary to 
provide the melted carrier in the form of a spray. Furthermore, in those cases where e.g. a 

10 therapeutically and/or prophylactically active substance is included in the carrier, a 

relatively high temperature may promote e.g. oxidation or other kind of degradation of the 
substance. 

In the present context, the melting point is determined by DSC (Differential Scanning 
Catorimetry). The melting point is determined as the temperature at which the linear 
15 increase of the DSC curve intersects the temperature axis (see Fig. 6 for further details). 

Suitable carriers are generally substances which are used in the manufacture of 
pharmaceuticals as so-called melt binders or solid solvents (in the form of solid dosage 
form), or as co-solvents or ingredients in pharmaceuticals for topical use. 

The carrier may be hydrophilic. hydrophobic and/or they may have surface-active 
20 properties. In general hydrophilic and/or hydrophobic carriers are suitable for use in the 
manufacture of a pharmaceutical composition comprising a therapeutically and/or 
prophylactically active substance that has a relatively low aqueous solubility and/or when 
the release of the active substance from the pharmaceutical composition is designed to 
be immediate or non-modified. Hydrophobic carriers, on the other hand, are normally 
25 used in the manufacture of a modified release pharmaceutical composition. The above- 
given considerations are simplified to illustrate general principles, but there are many 
cases where other combinations of carriers and other purposes are relevant and, 
therefore, the examples above should not in any way limit the invention. 

Examples on a suitable earner are a hydrophilic carrier, a hydrophobic carrier, a 
30 surfactant or mixtures thereof. 



TypicaBy, a suitable hydrophilic carrier is selected from the group consisting of: polyether 
glycols such as, e.g., polyethylene glycols, polypropylene glycols; polyoxyethylenes; 
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polyoxypropylenes; poloxamers and mixtures thereof, or it may be selected from the 
group consisting of: xylitol, sorbitol, potassium sodium tartrate, sucrose tribehenate. 
glucose, rhamnose, lactitol, behenic acid, hydroquinon monomethyl ether, sodium 
acetate, ethyl fumarate, myristic acid, citric acid. Gelucire 50/13, other Gelucire types 
5 such as. e.g., Gelucire 44/14 etc., Gelucire 50/10, Gelucire 62/05. Sucro-ester 7. Sucro- 
ester 11. Sucro-ester 15, maltose, mannitol and mixtures thereof. 

A hydrophobic carrier for use in an apparatus of the invention may be selected from the 
group consisting of: straight chain saturated hydrocarbons, sorbitan esters, paraffins; fats 
and oils such as e.g., cacao butter, beef tallow, lard, polyether glycol esters; higher fatty 

10 acid such as, e.g. stearic acid, myristic acid, palmitic acid, higher alcohols such as, e.g., 
cetanol, stearyl alcohol, low melting point waxes such as, e.g., glyceryl monostearate, 
hydrogenated tallow, myristyl alcohol, stearyl alcohol, substituted and/or unsubstituted 
monoglycerides, substituted and/or unsubstituted diglycerides, substituted and/or 
unsubstituted triglycerides, yellow beeswax, white beeswax, camauba wax, castor wax, 

15 japan wax, acetylate monoglycerides; NVP polymers. PVP polymers, acrylic polymers, or 
a mixture thereof. 

In an interesting embodiment, the carrier is a polyethylene glycol having an average 
molecular weight in a range of from about 400 to about 35,000 such as. e.g., from about 
800 to about 35,000, from about 1.000 to about 35,000 such as, e.g., polyethylene glycol 

20 1 .000. polyethylene glycol 2,000, polyethylene glycol 3,000, polyethylene glycol 4,000, 
polyethylene glycol 5,000, polyethylene glycol 6000. polyethylene glycol 7,000, 
polyethylene glycol 8.000, polyethylene glycol 9,000 polyethylene glycol 10,000. 
polyethylene glycol 15,000, polyethylene glycol 20,000. or polyethylene glycol 35,000. In 
certain situations polyethylene glycol may be employed with a molecular weight from 

25 about 35,000 to about 100,000. 

In another interesting embodiment, the carrier is polyethylene oxide having a molecular 
" weight of from about 2,000 to about 7,000.000 such as, e.g. from about 2,000 to about 
100,000, from about 5,000 to about 75,000, from about 10,000 to about 60.000. from 
about 15,000 to about 50,000, from about 20,000 to about 40,000, from about 100,000 to 
30 about 7,000,000 such as, e.g., from about 1 00,000 to about 1 ,000,000. from about 

100.000 to about 600,000, from about 100,000 to about 400,000 or from about 100,000 to 
about 300,000. 



8 



In another embodiment, the carrier is a poloxamer such as, e.g. Poloxamer 188, 
Poloxamer 237, Poloxamer 338 or Poloxamer 407 or other block copolymers of ethylene 
oxide and propylene oxide such as the Pluronic® and/or Tetronic® series. Suitable block 
copolymers of the Pluronic® series include polymers having a molecular weight of about 

5 3,000 or more such as, e.g. from about 4,000 to about 20,000 and/or a viscosity 
(Brookfield) from about 200 to about 4.000 cps such as, e.g., from about 250 to about 
3,000 cps. Suitable examples include Pluronic® F38, P65 f P68LF, P75, F77, P84, P85. 
F87, F88, F98, P103, P104, P1Q5, F108, P123, F123, F127, 10R8, 17R8. 25R5, 25R8 . 
etc. Suitable block copolymers of the Tetronic® series include polymers having a 

10 molecular weight of about 8,000 or more such as, e.g., from about 9,000 to about 35,000 
and/or a viscosity (Brookfield) of from about 500 to about 45,000 cps such as, e.g., from 
about 600 to about 40,000. The viscosities given above are determined at 60 °C for 
substances that are pastes at room temperature and at 77 P C for substances that are 
solids at room temperature. 

15 The carrier may also be a sorbitan ester such as, e.g., sorbitan di-isostearate, sorbitan 
dioleate, sorbitan monolaurate, sorbitan monoisostearate, sorbitan monooleate, sorbitan 
monopaimitate, sorbitan monostearate, sorbitan sesqui-isostearate, sorbitan sesquioleate, 
sorbitan sesquistearate, sorbitan tri-isostearate, sorbitan trioleate, sorbitan tristearate or 
mixtures thereof. 

20 The carrier composition may of course comprise a mixture of different carriers such as, 
e.g., a mixture of hydrophilic and/or hydrophobic carriers. 

In another interesting embodiment, the carrier is a surfactant or a substance having 
surface-active properties. It is contemplated that such substances are involved in the 
wetting of e.g. slightly soluble active substance and thus, contributes to improved 
25 solubility characteristics of the active substance. 

Examples on surfactants are given in the following. In order to be suitable for use as a 
carrier, the criteria with respect to melting point and/or viscosity discussed herein must be 
fulfilled. However, the list below encompasses surfactants in general, because surfactants 
may also be added to the carrier composition in the form of pharmaceutical^ acceptable 
30 excipients. 

Suitable excipients for use in a carrier composition (and - as discussed above - for use 
as carriers it selves) are surfactants such as, e.g., hydrophobic and/or hydrophilic 
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surfactants as those disclosed in WO 00/50007 in the name of Lipocine, Inc. Examples on 
suitable surfactants are 

i) polyethoxyiated fatty acids such as. e.g. fatty acid mono- or diesters of polyethylene 
glycol or mixtures thereof such as. e.g. mono - or diesters of polyethylene glycol 
5 with lauric acid, oleic acid, stearic acid, myristic acid, ricinoleic acid, and the 

polyethylene glycol may be selected from PEG 4, PEG 5. PEG 6. PEG 7. PEG 8. 
PEG 9 PEG 10, PEG 12. PEG 15. PEG 20. PEG 25. PEG 30. PEG 32. PEG 40. 
PEG 45 PEG 50. PEG 55. PEG 100. PEG 200. PEG 400. PEG 600. PEG 800. 
PEG 1000 PEG 2000. PEG 3000. PEG 4000. PEG 5000. PEG 6000, PEG 7000. 
10 PEG 8000. PEG 9000. PEG 1000. PEG 10,000. PEG 15,000. PEG 20.000. PEG 

35.000. 

ii) polyethylene glycol glycerol fatty acid esters, i.e. esters like the above-mentioned 
but in the form of glyceryl esters of the individual fatty acids; 

Hi) glycerol, propylene glycol, ethylene glycol, PEG or sorbitol esters with e.g. 
15 vegetable oils like e.g. hydrogenated castor oil. almond oil. palm kernel oil. castor 
oil. apricot kernel oil. olive oil. peanut oil. hydrogenated palm kernel oil and the like. 

iv) polyglycerized fatty acids like e.g. polyglycerol stearate. polyglycerol oleate. 
polyglycerol ricinoleate, polyglycerol linoleate. 

v) propylene glycol fatty acid esters such as. e.g. propylene glycol monolaurate. 
20 propylene glycol ricinoleate and the like. 

vi) mono- and diglycerides like e.g. glyceryl monooleate, glyceryl dioleae. glyceryl 
mono- and/or dioleate, glyceryl capryiate, glyceryl caprate etc.; 

vii) sterol and sterol derivatives; 

viil) polyethylene glycol sorbitan fatty acid esters (PEG-sorbitan fatty acid esters) such 
as esters of PEG with the various molecular weights indicated above, and the 
various Tween ® series; 

ix) polyethylene glycol alkyl ethers such as, e.g. PEG oleyl ether and PEG lauryl ether; 

x) sugar esters like e.g. sucrose monopalmitate and sucrose monolaurate; 

xi) polyethylene glycol alkyl phenols like e.g. the Triton® X or N series; 



25 
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xii) polyoxyethylene-polyoxypropylene block copolymers such as. e.g.. the Pluronic® 
series the Synperonic® series. Emkalyx®, Lutrol®. Supronic® etc. The generic 
term for these polymers is "poloxamers" and relevant examples in the present 
context are Poloxamer 105. 108. 122. 123. 124. 181. 182. 183. 184. 185. 188. 212, 

5 215. 217. 231, 234. 235, 237. 238. 282. 284. 288. 331. 333. 334, 335, 338. 401. 

402. 403 and 407; 

xiii) sorbitan fatty acid esters like the Span® series or Ariacel® series such as. e.g. 
sorbinan monolaurate, sorbitan monopalmitate. sorbitan monooleate. sorbitan 
monostearate etc.; 

10 xiv) lower alcohol fatty acid esters like e.g. oleate. isopropyl myristate. isopropyl 
palmitate etc.; 

xv) ionic surfactants including cationic. anionic and zwitterionic surfactants such as, e.g. 
fatty acid salts, bile salts, phospholipids, phosphoric acid esters, carboxylates. 
sulfates and sulfonates etc. 

15 When a surfactant or a mixture of surfactants is present in a carrier composition the 

concentration of the surfactant(s) is normally in a range of from about 0.1 -75% w/w such 
as. e.g.. from about 0.1 to about 20% w/w, from about 0. 1 to about 1 5% w/w. from about 
0.5 to about 1 0% w/w, or alternatively, when applicable as a carrier or a part of the carrier 
composition from about 20 to about 75% w/w such as. e.g. from about 25 to about 70% 

20 w/w. from about 30 to about 60% w/w. 

Other suitable excipients in a carrier composition may be solvents or semi-solid excipients 
like. e.g. propylene glycol, polyglycolised glycerides including Gelucire 44/14, complex 
fatty materials of plant origin including theobroma oil. carnauba wax. vegetable oils like 
e g almond oil, coconut oil. com oil. cottonseed oil. sesame oil. soya oil, olive oil, castor 

25 oil, palm kernels oil. peanut oil. rape oil, grape seed oil etc., hydrogenated vegetable oils 
such as, e.g. hydrogenated peanut oil. hydrogenated palm kernels oil. hydrogenated 
cottonseed oil. hydrogenated soya oil. hydrogenated castor oil. hydrogenated coconut oil; 
natural fatty materials of animal origin including beeswax, lanolin, fatty alcohols including 
cetyl. stearyl. lauric. myristic, palmitic, stearic fatty alcohols; esters including glycerol 

30 stearate, glycol stearate. ethyl oleate. isopropyl myristate; liquid interesterified semi- 
synthetic glycerides including Miglycol 810/812; amide or fatty acid alcolamides including 
stearamide ethanol. diethanolamide of fatty coconut acids etc. 
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Other additives in the carrier composition may be antioxidants like e.g. ascorbic acid, 
ascorbyl palmitate, butylated hydroxyanisole. butylated hydroxytoluene. hypophosphorous 
acid, monothioglycerot. potassium metabisulfite, propyl gallate. sodium formaldehylde 
sulfoxylate, sodium metabisulfite. sodium thiosulfate. sulfur dioxide, tocopherol. 
5 tocopherol acetate, tocopherol hemisuccinate. TPGS or other tocopherol derivatives, etc. 
The carrier composition may also contain e.g. stabilising agents. The concentration of an 
antioxidant and/or a stabilizing agent in the carrier composition is normally from about 0.1 
% w/w to about 5% w/w. 

In those cases where a carrier composition is employed, the requirements with respect to 
10 the melting point mentioned above normally also apply to the carrier composition, 
especially in those cases where a minor amount of water is included in the carrier 
composition. However, when the carrier composition is heated the carrier composition 
may be in the form of two or more phases (e.g. two distinct liquid phases or a liquid phase 
comprising e.g. an active substance dispersed therein). In such cases, the melting point is 
15 not a true melting point but merely a heating point where the carrier composition becomes 
in a liquid form which is suitable for use in a spraying device. Often such a heating point 
will for practical purposes correspond to the melting point of the carrier itself. 

The total concentration of carrier(s) in the carrier composition is normally in a range of 
from about 5 to about 100% w/w such as. e.g., from about 10 to about 99.5% w/w, from 

20 about 15 to about 99% w/w. from about 15 to about 98% w/w. from about 15 to about 97% 
w/w. from about 20 to about 95% w/w such as at least about 25% w/w. at least about 30% 
w/w. at least about 35% w/w. at least about 40% w/w, at least about 45% w/w, at least 
about 50% w/w. at least about 55% w/w. at least about 60% w/w, at least about 65% w/w, 
at least about 70% w/w. at least about 75% w/w. at least about 80% w/w. at least about 

25 85% w/w, at least about 90% w/w, at least about 95% w/w or at least about 98% w/w. 

As explained above, in an apparatus according to the invention the carrier is brought on 
liquid form by heating the carrier and/or the carrier composition to a temperature which 
causes the carrier and/or the carrier composition to melt, and the carrier in liquid form (i.e. 
as a solution or a dispersion) is sprayed on the second composition. 

30 As mentioned above, the carrier in melted or liquidized form is sprayed on a second 
composition. Thus, the carrier should have a suitable viscosity. If the viscosity is too high, 
the carrier or carrier composition will be too "thick" and will have a tendency of adhering to 
the nozzle which may result in that the delivery through the nozzle is stopped. For the 
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present purpose a viscosity of the carrier and/or the carrier composition is suitably if the 
viscosity (Brookfield DV-III) is at the most about 800 mPas at a temperature of at the most 
100 °C such as. e.g., at the most 700, at the most 600, at the most 500 mPas. In those 
cases where the melting point of the carrier is more than about 80 'C. the viscosity values 
5 mentioned above are at a temperature of about 40 °C above the melting point. 

In the particulate material obtained by an apparatus according to the invention, the 
concentration of the carrier is from about 5 to about 95% w/w such as, e.g. from about 5 
to about 90% w/w, from about 5 to about 85% w/w, from about 5 to about 80% w/w, from 
about 10 to about 75% w/w, from about 1 5 to about 75% w/w, from about 20 to abut 75% 
10 w/w, from about 25% to about 75% w/w. from about 30% to about 75% w/w. from about 
35% to about 75% w/W. from about 25% to about 70% w/w, from about 30% to about 70% 
w/w. from about 35% to abut 70 % w/w. from about 40% to about 70% w/w. from about 
45% to about 65% w/w or from about 45% to about 60% w/w. 

In those cases where the second composition comprises a pharmaceutically acceptable 
15 excipient that has a relatively high particle density it is preferred that the concentration of 
the carrier in the particulate material obtained by an apparatus of the invention is from 
about 5 to about 95% v/v such as, e.g. from about 5 to about 90% v/v, from about 5 to 
about 85% v/v, from about 5 to about 80% v/v, from about 10 to about 75% v/v from about 
15 to about 75% v/v, from about 20 to abut 75% v/v, from about 25% to about 75% v/v, 
20 from about 30%' to about 75% v/v, from about 35% to about 75% v/v, from about 25% to 
about 70% v/v, from about 30% to about 70% v/v, from about 35% to abut 70 % v/v, from 
about 40% to about 70% v/v, from about 45% to about 65% v/v or from about 45% to 
about 60% v/v. 

In the following is given a calculation example: 
25 Recalculation from % w/w to % v/v (of total composition): 
Particle density of lactose: 1.56 g/cm 3 

Particle density of calcium hydrogen phosphate anhydrous: 2.89 g/cm 3 
Particle density of PEG 6000: 1.17 g/cm 3 

For lactose: w/w ratio of 50% PEG 6000/(lactase + PEG 6000) equals a % v/v of 56% 
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For calcium hydrogen phosphate anhydrous: w/w ratio of 50% PEG 6000/(ca.cium 
hydrogen phosphate anhydrous + PEG 6000) equals a % v/v of 71%. 

In many cases it is suitable to dissolve or disperse a therapeutically and/or 
prophylactically active substance in the carrier or in the carrier composition. Suitable 
5 therapeutically and/or prophylactically active substances are discussed below. 

In an apparatus according to the invention it is not necessary to employ water or an 
aqueous medium e.g. together with a binder in order to build up agglomerates of a 
suitable size. The agglomeration suitably takes place under water-free or substantially 
water-free conditions. Thus, the apparatus is also very useful when active substances or 
10 other ingredients are employed which are susceptible to water (e.g. degradat,on under 
aqueous conditions). However, if desired, water or an aqueous medium may of course be 
incorporated in the carrier composition. Although the carrier composition normally ,s 
essentially nonaqueous, water may be present to a certain extent and then the 
concentration of water in the carrier composition is the most about 20% w/w water such 
15 as at the most about 15% w/w. at the most abut 10% w/w. at the most about 5% w/w or at 
the most about 2.5% w/w. 

THERAPEUTICALLY AND/OR PROPHYLACTICALLY ACTIVE SUBSTANCES 

in a preferred embodiment of the invention the particulate material obtained by an 
apparatus according to the invention comprises a therapeutically and/or prophylactically 
20 active substance. The particulate matter may also or alternatively comprise a cosmet.cally 
active substance (i.e. a substance that is employed in cosmetic compositions). In an 
apparatus according to the invention the active substance may be included in the earner 
composition and/or in the second composition. 

In the present context a therapeutically and/or prophylactically active substance includes 
25 any biologically and/or physiologically active substance that has a function on an an.mal 

such as. e.g. a mammal like a human. The term includes drug substances, hormones. 

genes or gene sequences, antigen- comprising material, proteins, peptides, nutrients like 

e g vitamins, minerals, lipids and carbohydrates and mixtures thereof. Thus, the term 

Includes substances that have utility in the treatment and/or preventing of diseases or 
30 disorders affecting animals or humans, or in the regulation of any animal or human 

physiological condition. The term also includes any biologically active substance whrch. 

when administered in an effective amount, has an effect on living cells or organisms. 
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Many active substances have and it is expected that many of the future drug substances 
will have undesired properties especially with respect to water solubility and to oral 
bioavailability. Therefore, a novel technology which enables especially therapeutically 
and/or prophyiactically active substances to be delivered to the body in a relatively easy 
5 manner and at the same time enables the desired therapeutic and/or prophylactic 
response, is highly needed. 

By employment of an apparatus according to the present invention it is contemplated that 
this object can be achieved for many such substances, especially in view of the promising 
results the inventors have obtained from a study in Beagle dogs. Accordingly, the present 

10 inventors have found very promising results with respect to bioavailability when an 
apparatus according to the invention is employed for the preparation of particulate 
material containing an active substance with a very low aqueous solubility. Thus, an 
apparatus according to the invention is especially suitable for use for the preparation of 
particulate material comprising an active substance that has an aqueous solubility at 25 

1 5 "C and pH of 7.4 of at the most about 3 mg/ml such as. e.g.. at the most about 2 mg/ml, at 
the most about 1 mg/ml. at the most about 750 ug/ml. at the most about 500 ML/ml. at the 
most about 250 ML/ml. at the most about 100 ML/ml, at the most about 50 ML/ml. at the 
most about 25 ML/ml, at the most about 20 ML/ml or at the most about 1 0 MUml. In 
specific embodiments the solubility of the active substance may be much lower such as, 

20 e.g.. at the most about 1 MUml. at the most about 100 ng/ml. at the most about 75 ng/ml 
such as about 50 ng/ml. 

As mentioned above, an apparatus according to the invention may advantageously be 
operated without employment of water or an aqueous medium. Thus, the apparatus is 
especially suitable for use for active substances that are degraded, decomposed or 
25 otherwise influenced by water. 

Examples on active substances suitable for use in a particulate material according to the 
invention are in principle any active substance such as, e.g. freely water soluble as well 
as more slightly or insoluble active substances. Thus, examples on active substances 
suitable for use are e.g. antibacterial substances, antihistamines and decongestants, anti- 
30 inflammatory agents, antiparasitics, antivirals. local anesthetics, antifungals, amoebicidals 
or trichomonocidal agents, analgesics, antianxiety agents, anticlotting agents, 
antiarthritics. antiasthmatics, antiarthritic, anticoagulants, anticonvulsants, 
antidepressants, antidiabetics, antiglaucoma agents, antimalarials, antimicrobials, 
antineoplastics, antiobesity agents, antipsychotics, antihypertensives, antitussives, auto- 
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immune disorder agents, anti-impotence agents. anti-Parkinsonism agents, ant.- 
Alzheimers' agents, antipyretics, anticholinergics, anti-ulcer agents. anorex,c. beta- 
blockers, beta-2 agonists, beta agonists, blood glucose-lowering agents, bronchodrtators. 
agents with effect on the central nervous system, cardiovascular agents. cogn.t,ve 

5 enhancers, contraceptives, cholesterol-reducing agents, cytostatics, diuret.cs. 
germicidals. H-2 blockers, hormonal agents, hypnotic agents, inotropics, muscle 
relaxants, muscle contractants. physic energizers, sedatives, sympathomimetics, 
vasodilators, vasoconstrictors, tranquilizers, electrolyte supplements, vitamins, 
counterirritants. stimulants, anti-hormones, drug antagonists, lipid-regulating agents. 

10 uricosurics, cardiac glycosides, expectorants, purgatives, contrast materials, 
radiopharmaceuticals, imaging agents, peptides, enzymes, growth factors, etc. 

Specific examples include e.g. 

Anti-inflammatory drugs like e.g. ibuprofen. indometacin, naproxen, nalophine; 
Anti-Parkinsonism agents like e.g. bromocriptine, biperidin. benzhexol. benztropine etc. 
15 Antidepressants like e.g. imipramine. nortriptyline, pritiptyline, etc. 

Antibiotics like e.g. clindamycin, erythomycin, fusidic acid, gentamicin, mupirocine. 
amfomycin. neomycin, metronidazol. sulphamethizole. bacitracin, framycetin. polymyxin 
B, adtromycin etc, 

Antifungal agents like e.g. miconazol. ketoconaxole. clotrimazole, amphotericin B. 
20 nystatin, mepyramin, econazol. fluconazol. flucytocine. griseofulvin. bifonazole. amorofine, 
mycostatin. itrconazole. terbenaflne. terconazble. tolnaftate etc. 

Antimicrobial agents like e.g. metronidazol. tetracyclines, oxytetracylines. penicillins etc. 

Antiemetics like e.g. metoclopramide, droperidol, haloperidol. promethazine etc. 

Antihistamines like e.g. chlorpheniramine, terfenadine. triprolidine etc. 

25 Antimigraine agents like e.g. dihydroergotamine, ergotamine, pizofylline etc. 

Coronary, cerebral or peripheral vasodilators like e.g. nifedipine, diltiazem etc. 

Antianginals such as. e.g.. glyceryl nitrate, isosorbide dinitrate. molsidomine, verapamil 
etc. 
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Calcium channel blockers like e.g. verapamil, nifedipine, diltiazem, nicardipine etc. 

Hormonal agents like e.g. estradiol, estron. estriol. polyestradiol. polyestriol. dienestrol, 
diethylstilbestrol. progesterone, dihydroprogesterone. cyprosterone, danazol, testosterone 
etc 

5 Contraceptive agents like e.g. ethinyl estradiol, lynestrenol. etynodiol. norethisterone. 
mestranol, norgestrel. levonorgestrel. desodestrel. medroxyprogesterone etc. 

Antithrombotic agents like e.g. heparin, warfarin etc. 

Diuretics like e.g. hydrochlorothiazide, flunarizine. minoxidil etc. 

Antihypertensive agents like e.g. propanolol, metoprolol. clonidine. pindolol etc. 

10 Corticosteroids like e.g. beclomethasone, betamethasone, betamethasone-17-valerate, 
betamethasone-dipropionate. clobetasol. clobetasol-17-butyrate. dobetasol-propionate. 
desonide, desoxymethasone. dexamethasone. diflucortolone. flumethasone. 
flumethasone-pivalte. fluocinolone acetonide.fluocinoide. hydrocortisone, hydrocortisone- 
17-butyrate. hydrocortisonebuteprate.methylprednisolone. triamcinolone acetonide. 

15 hacinonide, fluprednide acetate, alklometasone-dipropionate. fluocortolone, fluticason- 
propionte. mometasone-furate, desoxymethasone. diflurason-diacetate, halquinol. 
cliochinol, chlorchinaldol, fluocinolone-acetonide etc. 

Dermatological agents like e.g. nitrofurantoin, dithranol. clioquinol. hydroxyquinoline, 
isotretionin. methoxsalen. methotrexate, tretionin. trioxalen. salicylic acid, penicillamine 
20 etc. 

Steroids like e.g. estradiol, progesterone, norethindrone. levonorgestrel, ethynodiol. 
levonorgestrol, norgestimate, gestanin, desogestrel. 3-keton-desogesterel. demegestone, 
promethoestrol, testosterone, spironolactone and esters thereof etc. 

Nitro compounds like e.g. amyl nitrates, nitroglycerine and isosorbide nitrate etc. 

25 Opioids like e.g. morphine, buprenorphine. oxymorphone. hydromorphone. codeine, 
tramadol etc. 

Prostaglandins such as. e.g., a member of the PGA, PGB. PGE or PGF series such as. 
e.g. minoprostol, dinoproston, carboprost, eneprostil etc. 
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Peptides like e.g. growth hormone releasing factors, growth factors (e.g. epidermal growth 
factor (EGF), nerve growth factor (NGF). TGF. PDGF. insulin growth factor (IGF), 
fibroblast growth factor (aFGF, bFGF etc.). somatostatin, calcitonin, insulin, vasopress.n, 
interferons. IL-2etc. urokinase, serratiopeptidase, superoxide dismutase, thyrotropin 
5 releasing hormone, lutenizing hormone releasing hormone (LH-RH). corticotropin 

releasing hormone, growth hormone releasing hormone (GHRH), oxytocin, erythropoietin 
(EPO), colony stimulating factor (CSF) etc. 

Interesting examples on active substances that are slightly soluble, sparingly soluble or 
insoluble in water are given in the following tables: 

10 
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Table 1 

Poorly-Soluble Drug 
Candidates 



Drug Name 


Therapeutic Class 


Solubility In Water 


Alprazolam 


CNS 


Insoluble 


Amiodarone 


Cardiovascular 


Very Slightly 


Amlodipine 


Cardiovascular 


Slightly 


Aslemizole 


Respiratory 


Insoluble 


Atenolol 


Cardiovascular 


Slightly 


Azathioprine 


Anticancer 


Insoluble 


Azelastine 


Respiratory 


Insoluble 


Beclomethasone 


Respiratory 


Insoluble 


Budesonide 


Respiratory 


Sparingly 


Buprenorphine 


CNS 


Slightly 


Butatbita! 


CNS 


Insoluble 


Carbamazepine 


CNS 


insoluble 


Carbidopa 


CNS 


Slightly 


Cefotaxime 


Anti-infective 


Sparingly 


Cephalexin 


Anti-infective 


Slightly 


Cholestyramine 


Cardiovascular 


Insoluble 


Ciprofloxacin 


Anti-infective 


insoluble 


Cisapride 


Gastrointestinal 


Insoluble 


Cisplatin 


Anticancer 


Slightly 


Clarithromycin 


Anti-infective 


Insoluble 


Clonazepam 


CNS 


Slightly 


ClozaDine 


CNS 


Sliqhtiv 
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(continued) 



Drug Name 


Therapeutic Class 


Solubility In Water 


Cvclosoorin I 


mmunosuooressant I 


^radically Insoluble 


Diazepam J < 


SNS 


Slightly 


Diclofenac sodium 


MSAID 


Sparingly 


Digoxin 


Cardiovascular 


nsotuble 


Dipyridamole 


Cardiovascular 


Slightly 


Divalproex 


CNS 


Slightly 


Dobutamine 


Cardiovascular 


Sparingly 


Doxazosin I 


Cardiovascular 


Slightly 


Enatapril 


Cardiovascular 


Sparingly 


Estradiol 


Hormone 


Insoluble 


Etodolac 


NSA1D 


Insoluble 


Etoposide 


Anticancer 


Very Slightly 


Famotidine 


Gastrointestinal 


Slightly 


Felodipine 


Cardiovascular 


Insoluble 


Fentanyl citrate 


CNS 


Sparingly 


Fexofenadine 


Respiratory 


Slightly 


Finasteride 


Genito-urinary 


Insoluble 


Fluconazole 


Antifungal 


Slightly 


Runosolide 


I Respiratory 


insoluble 


Flurbiprofen 


I NSA1D 


Slightly 


Fluvoxamine 


1 CNS 


Sparingly 


Furosemide 


Cardiovascular 


Insoluble 


Glipizide 


1 Metabolic 


Insoluble 


Glyburide 


I Metabolic 


Sparingly 


Ibuprofen 


I NSA1D 


Insoluble 


Isosorbide dinilrate 


1 Cardiovascular 


Sparingly 


Isotretinoin 


Dermatologlcal 


Insoluble 


Isradtpine 


1 Cardiovascular 


Insoluble 


Itraconzole 


[Antifungal 


Insoluble 
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(continued) 



Drug Name 


Therapeutic Class 


Solubility In Water 


Ketoconazole * 


Antifunaat 


nsoluble 


Ketoprofen 


NSAID 


Slightly 


Lamotrigine 


CNS I 


Slightly 


Lansoprazole 


Gastrointestinal 


[nsoluble 


Loperamide 


Gastrointestinal 


Slightly 


Loratadine 


Respiratory 


Insoluble 


Lorazepam 


CNS 


Insoluble 


Lovastatin 


Cardiovascular 


fc ■- ,L|* 

Insoluble 


Medroxyprogesterone 


Hormone 


Insoluble 


Mefenamic acid 


Analgesic 


Slightly 


Methylprednisolone 


Steroid 


Insoluble 


Midazolam 


Anesthesia 


Insoluble 


Mometasone 


Steroid 


Insoluble 


Nabumetane 


NSAID 


Insoluble 


Naproxen 


NSAJD 


Insoluble 


Nicergoline 


CNS 


Insoluble 


Nifedipine 


Cardiovascular 


Practically Insoluble 


Norfloxacin 


Anti-infective 


Slightly 


Omeprazole 


Gastrointestinal 


Cllnhllti 


Paclilaxel 


Anticancer 


Insoluble 


Phenytoin 


CNS 


Insoluble 


Pircodcam 


NSAID 


Sparingly 


Quinapril 


Cardiovascular 


Insoluble 


Ramipril 


Cardiovascular 


Insoluble 


Risperidone 


CNS 


Insoluble 


Saquinavir 


Protease inhibitor 


Practically insoluble 


Sertraline 


CNS 


SllghOy 


Simvastatin 


Cardiovascular 


Insoluble 


Terblnafine 


Antifungal 


Slightly 


Terfenadlne 


Respiratory 


Slightly 


Triamcinolone 


Steroid 


Insoluble 


Valproic add 


CNS 


Slightly 


Zolpidem 


CNS 


Sparingly 
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Table 2 



Poorly-Soluble Drugs with Low Bioavailability 



Drug Name 



Indication 



Solubility In Water 



Bioavailability 



AStemizoie 
Cyclandelate 
Perphenazine 
Testosterone 
Famotidine 
Budesonide 
Mesalamine 
Clemastine tiimarate 
Buprenorphine 
Sertraline 
Auranofin 
Felodipine 
isradipine 
Danazol 
Loratadine 
Isosorbide dinitrate 
Ruphenazine 
Spironolactone 
Biperiden 
Cyclosporin 
Norfloxacin 
Cisapride 
Nabumetone 
Dronabinol 
Lovastatin 
Simvastatin „ 



Atieraic Rhinitis 
Peripheral vascular disease 
Psychotic disorder 
Androgen Replacement Therapy 
GERD 

1 Allergic Rhinitis 
I Irritable Bowel Syndrome 
I Allergic Rhinitis 
Pain 
I Anxiety 
Arthritis 
Hypertension 
I Hypertension 
I Endometriosis 
Allergic Rhinitis 
Angina 

1 Psychofic disorder 
j Hypertension. Edema 
Parkinson's disease 
Transplantation 
Bacterial Infection 
GERD 
Arthritis 
ANTIEMETIC 
Hypertipidemta 
1 Hvperlipidemia 



Insoluble 
Insoluble 
Insoluble 
Insoluble 
Slightly soluble 
Sparingly soluble 
Slightly soluble 
Slightly soluble 
Slightly soluble 
Slightly soluble 
Slightly soluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Sparingly soluble 
Insoluble 
Insoluble 
Sparingly soluble 
Slightly soluble 
Slightly soluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 



Low - moderate 

Low 

Low 

Low 

Low (39-50%) 
Low (-15%) 
Low (-20%) 
Low (-39%) 
Low (<30%) 
Low (<44%) 
Low (15-25%) 
Low (15%) 
Low (15-24%) 
Low 
Low 

Low (20-35%) 
Low (2-3%) 
Low (25%) 
Low (29-33%) 
Low (30%) 
Low (30-40%) 
Low (35-40%) 
Low (35%) 
Low 10-20%) 
Low (-5%) 
|low(<5%) 



The amount of active substance incorporated in a particulate material (and/or in a 
pharmaceutical, cosmetic or food composition) may be selected according to known 
5 principles of pharmaceutical formulation. In general, the dosage of the active substance 
present in a particulate material according to the invention depends inter alia on the 
specific drug substance, the age and condition of the patient and of the disease to be 
treated. 
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A particulate material according to the invention may comprise a cosmetically active 
ingredient and/or a food ingredient. Specific examples include vitamins, mmerals, 
vegetable oils, hydrogenated vegetable oils, etc. 

SECOND COMPOSITION 

5 As mentioned above the carrier or carrier composition is sprayed on a second 

composition. In order to be able to achieve a high amount of carrier in the final peculate 
materia, and in order to enable a controlled agglomeration of the particles compnsed in 
the second composition, the present inventors have surprisingly found that in spaote 
embodiments, the second composition should initially have a temperature which is at least 
10 about 10 >C such as. e.g.. at least about 15 «>C. at least about 20 -C. at least about 25 C, 
or at least about 30 °C below the melting point of the carrier or carrier composrt,on (or. as 
discussed above, the heating point of the carrier composition). However, as mentioned 
above, a temperature difference of at least about 10 °C it is not always necessary. Thus, 
the second composition may have a temperature of at the most a temperature 
15 corresponding to the melting point of the carrier and/or of the carrier composition such as. 
e g a temperature of at least about 2 -C. at least about 5 «C. No externa, heating of the 
second composition is normaily employed in the apparatus according to the invention, but 
in some cases it may be advantageous to employ a cooling via the inlet air. However, the 
temperature of the second composition may increase to a minor extent due to the working 
20 of the composition. However, the temperature must (or will) not be higher than at the most 
the melting point of the carrier or carrier composition such as. e.g. at the most about 5 C 
such as at the most about 10 'C, at the most about 15 °C or at the most about 20 °C 
below the melting point of the carrier. Accordingly, an apparatus of the invention can be 
carried out without any heating of the second composition, i.e. it can be earned out at 
25 ambient or room temperature (i.e. normally in a range of from about 20 °C to about 25 °C). 

In contrast thereto, known melt granulation methods involve external heating of the 
material that is to be granulated (or agglomerated) together with a melt binder. 

The second composition comprises pharmaceutical* and/or cosmetically acceptable 
excipients and. furthermore, a therapeutically and/or prophylactically active substance 
30 may be present in the second composition. 

bi the present context the terms "pharmaceutical* acceptable excipient" and "cosmetically 
acceptable excipient" are intended to denote any material which is inert in the sense that it 
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substantially does not have any therapeutic and/or prophylactic effect per se. Such an 
excipient may be added with the purpose of making it possible to obtain a pharmaceutical 
and/or cosmetic composition which has acceptable technical properties. 

Examples on suitable excipients for use in a second composition include fillers, diluents, 
5 disintegrants. binders, lubricants etc. or mixture thereof. As the particulate material 

obtained by an apparatus according to the invention may be used for different purposes, 

the choice of excipients is normally made taken such different uses into considerations. 

Other pharmaceutical acceptable excipients for use in a second composition (and/or in 

the carrier composition) are e.g. acidifying agents, alkalizing agents, preservatives, 
10 antioxidants, buffering agents, chelating agents, coloring agents, complying agents, 

emulsifying and/or solubilizing agents, flavours and perfumes, humectants. sweeten.ng 

agents, wetting agents etc. 

Examples on suitable fillers, diluents and/or binders include lactose (e.g. spray-dried 
lactose, a-lactose. /Hactose, Tabletose®, various grades of Pharmatose®. Microtose® or 
15 Fast-Floe®), microcrystalline cellulose (various grades of Avicel®. Elcema®. Vivacel®, 
MingTai®orSolka-Floc®), hydroxypropylcellulose, L-hydroxypropylcellulose (low 
substituted), hydroxypropyl methylcellulose (HPMC) (e.g. Methocel E, F and K, Metolose 
SH of Shin-Etsu, Ltd. such as, e.g. the 4.000 cps grades of Methocel E and Metolose 60 
SH the 4 000 cps grades of Methocel F and Metolose 65 SH. the 4.000. 15.000 and 
20 100,000 cps grades of Methocel K; and the 4.000. 15,000, 39,000 and 100,000 grades of 
Metolose 90 SH), methylcellulose polymers (such as, e.g.. Methocel A. Methocel A4C, 
Methocel A15C, Methocel MM), hydroxyethylcellulose, sodium carboxymethylcellulose. 
carboxymethylene. carboxymethylhydroxyethylcellulose and other cellulose derivatives, 
sucrose, agarose, sorbitol, mannitol. dextrins. maltodextrins. starches or modified 
25 starches (including potato starch, maize starch and rice starch), calcium phosphate (e.g. 
basic calcium phosphate, calcium hydrogen phosphate, dicalcium phosphate hydrate), 
calcium sulfate, calcium carbonate, sodium alginate, collagen etc. 

Specific examples of diluents are e.g. calcium carbonate, dibasic calcium phosphate, 
tribasic calcium phosphate, calcium sulfate, microcrystalline cellulose, powdered 
30 cellulose, dextrans. dextrin, dextrose, fructose, kaolin, lactose, mannitol. sorbitol, starch, 
pregelatinized starch, sucrose, sugar etc. 

Specific examples of disintegrants are e.g. alginic acid or alginates , microcrystalline 
cellulose, hydroxypropyl cellulose and other cellulose derivatives, croscarmellose sodium, 
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oospovidone, pofccrillin potassium. sodiumVamh glycoiate. starch. nMM -«* 
carboxymethyl starch (e.g. Primogel® and ExpiotaWS) etc. 

Specific examples of binders are e.g. ecacla. acinic acid. agar, calcium carrageenan, 
sodium carboxyme« 1 ylce»uiose. mlcrooystalline ceilulose. dextrtn, ethytoXlulose. gelatin, 
5 liquid glucose, guar gum. hydroxypropyl methylcellulose. methylcellulose. pectm. PEG. 
povidone, pregelatinized starch etc. 

Glidants and lubricants may also be included in the second composition. Examples 
include stearic acid, magnesium stearate. calcium stearate or other metallic stearate, talc, 
waxes and glycerides. light mineral oil. PEG, glyceryl behenate, colloidal silica. 
10 hydrogenated vegetable oils, corn starch, sodium stearyl fumarate, polyethylene glycols, 
alkyl sulfates, sodium benzoate. sodium acetate etc. 

Other excipients which may be included in the second composition (and^or in the carrier 
composition) are e.g. colouring agents, taste-masking agents. pH-adjusting agents 
solubilizing agents, stabilising agents, wetting agents, surface active agents, antiox,dants. 
15 agents for modified release etc. 

in certain cases it may be advantageously to incorporate a magnesium 
aluminometasiiicate in the particulate material. It may be a part of the second composite 
or it may be added subsequently in order to facilitate a further processing of the 
particulate material (e.g. to prepare solid dosage forms like capsules or tablet). 

20 Magnesium aluminometasiiicate is sold under the name Neusilin and is obtainable from 
Fuii Chemical Industries. Neusilin is normally used in order to improve filling capacrty and 
compression property of powders and granules when added. Neusilin is also believed to 
reduce weight variation and to improve hardness and disintegration of tablets. Fmally. 
Neusilin has an adsorption capability which makes it suitable for use when processing 

25 waxy materials like oil extracts and waxes into pharmaceutical composition. Especially 
Neusilin UFL2 and US2 are said to be suitable for such a use. 

Thus, in one aspect the invention relates to an apparatus, wherein the second 
composition comprises magnesium aluminosilicate and/or magnesium 
aiuminometasilicate such as, e.g. Neusilin 81. Neusilin FH2. Neusilin US2, Neusilin UFL2 
30 or the like. Other suitable substances are contemplated to be bentonite. kaolin. 

magnesium triplicate, montmorlllonite and/or saponlte. In a still further embodiment, the 
second composition comprises magnesium aluminosilicate and/or magnesium 
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aluminometasilicate such as. e.g.. Neusilin, and the particulate material obtained has an 
content of carrier of at least about 30% v/v such as. e.g.. at least about 40% v/v. at least 
about 50% v/v. at least about 60% v/v, at least about 70% v/v. at least about 75% v/v. at 
least about 80% v/v, at least about 85% v/v or at least about 90% v/v. 

5 Besides the known use of Neusilin. the present inventors have found that specific qualities 
of magnesium aluminometasilicate (Neusilin) have excellent properties as glidants or ant.- 
adhesive most likely due to the porous structure of Neusilin. Thus, Neusilin may 
advantageously be added in order to reduce any adherence of the particulate material to 
the manufacturing equipment in particular to the tabletting machine. In the examples 

10 herein is given a comparison of the anti-adhesive properties of Neusilin compared with 
known lubricants and Neusilin seems to be a very promising and novel candidate as a 
lubricant 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 schematically illustrates a preferred embodiment of an apparatus for controlled 
15 agglomeration according to the present invention. 

Fig. 2 shows the correlation between amounts of PEG 6000 sprayed onto lactose 125 
mesh and mean granule size (geometric weight mean diameter) for a product 
temperature of 40-45 °C and 50-60 °C. respectively. The dashed line indicates 
uncontrolled agglomeration at a PEG concentration of approx. 25% at a product 
20 temperature of 50-60 °C. The products are unscreened, 

Fig. 3 shows the relationship between obtainable dose and drug solubility in a carrier at 
different concentrations of carrier assuming a formulation unit weight of 500 mg, 

Fig. 4 is a SEM micrograph of PEG sprayed onto lactose 1 25 mesh; the PEG 
concentration is 48% w/w. Magnification x 45, 

25 Fig. 5 is a SEM micrograph of PEG sprayed onto lactose 1 25 mesh; the PEG 

concentration is 25% w/w. Magnification x 45.shows results from Example 4, 

Fig. 6 illustrates determination of a melting point by a DSC curve, 

Fig. 7 Illustrates a preferred embodiment of a spray nozzle according to the present 
invention, 
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Bos 8-16 show photographs of depositions on the spray nozzle after operation m a 
controlled agglomeration apparatus at various operating temperatures. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

An apparatus acceding fo .he invention may comprise a high or low shear mixer or a fluid 
5 bed impc^n. characteristics ara that me earner is sprayed with the spray nozzle on the 
second eompositon whfch is loaded info .he mixer or me fluid bed. Typical,,, me earner rs 
tested te a temperature above me melting point of me carrier and/or me earner 
compositor. The second composite, is no. subiected to any heaflng and has nomtafly 
ambient temperature. The difference in temperature betwean me earner and the second 
10 composition makes me earner solidify rapkfly which in mm leads to a controlled growth of 
the particle size. 

,„ me present context, the term -controlled agglomeration- is intended to mean ma. the 
increase in mean geometric diameter of a materia, is a linear or approximated linear 
function of me earner concentration in me carrier composition (see Fig. 2). Coobolted 
1 5 agglomeradon is also present if a geometric weigh, mean diameter ma. ,s less than or 
eTual te 500 M m is obtained when a earner composition containing 20% earner has bean 
added to a second composition. 

The geometric weight mean diameter may be determined by employment of a method of 
laser diffraction dispersing the particulate material obtained (or the starting matenal) In a,r. 
20 The measurements were performed at 1 bar dispersive pressure in Sympatec Helos 
equipment which records the distribution of the equivalent spherical diameter. Th,s 
distribution is fitted to a log normal volume-size distribution. 

When used herein, "geometric weight mean diameter" means the mean diameter of the 
log normal volume-size distribution. 
25 Fig 1 schematically illustrates a preferred embodiment of an apparatus 40 for controlled 
agglomeration according to the present invention. The illustrated apparatus 40 comprise, 
a spray nozzle 10 according to the present invention. 

The apparatus 40 further comprises a fluid bed 42 for fluidisation of a second composition 
44 at ambient temperature. The spray nozzle 10 is mounted above the fluid bed 42 for 
30 spraying a first composition 46 comprising the carrier 48 in liquid form on the second 
composition 44 fluidised in the fluid bed 42. 
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A temperature and pressure controlled tank 50 of the apparatus 40 conta.ns the first 
composition 46 and is connected to the centra, tube 26 with the centra, passage 12for 
supp.y of the first composition 46 at a temperature above the melting pent of the earner 



48. 



5 Heated atomising air is supplied to the spray nozzle 10 from a first temperature controlled 
pressurised air supply 52 that is connected to the second tube 28. 
Heated cleaning air is supplied to the spray nozzle 10 from a second temperature 
controlled pressurised air supply 54 that is connected to the third tube 30. 

The possibility of controlling the agglomeration makes it possible to obtain a particulate 
10 materia, that has a very high load of carrier(s) - much higher than described when 

conventional methods like e.g. melt granulation is employed. As discussed above, a h,gh 
,oad of carrier has shown to be of Importance especially when particulate matenal is 
prepared containing a slightly water-soluble, sparingly water soluble or insolub.e active 
substances. Fig. 3 is a theoretically calculated curve showing the relationship between 
15 obtainable dose and drug solubility in a carrier composition at different earner 

concentrations in the particulate material assuming a total composition weight of 500 mg. 
It is seen that the dose can be increased by a factor of about 3.5 by increasing the 
concentration of carrier from 20% to 70%. By conventional melt granulation, i.e. a process 
by which heating of a melt binder and excipients is performed; normally a load of at the 
20 most about 15% w/w of the melt binder is obtained (calculated on the final compos.fon). 
Another granulation method which makes use of the same temperature of the binder and 
the materia, to be granulated is a conventiona. granulation process which is performed 
either by a wet or a dry granulation process. 

A SEM micrograph in Fig. 4 shows a particulate material prepared by an apparatus 
25 according to the present invention. PEG 6000 is used as a carrier and lactose is used as 
the second composition. Fig. 4 shows that the primary particles of lactose are 
agglomerated by immersion in the droplets of PEG 6000 or by coalescence between 
larger agglomerates. The agglomerates are partly coated with PEG 6000. T*e probability 
of agglomerate growth by coalescence is reduced by rapidly solidifying PEG due to the 
30 product temperature being kept at a minimum of 10 *C below the melting point of PEG. 

In contrast thereto, uncontrolled agglomeration is shown in a SEM micrograph in Fig. 5. 
The particulate material is prepared according to Example 2 herein (uncontrolled 
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agglomeration) using PEG 6000 as carrier and lactose as excipients. Fig. 5 shows that 
the particulate material has larger agglomerates with surplus of liquefied PEG at the 
surface of the agglomerates increasing the probability of agglomerate growth by 
coalescence at elevated product temperature. 

5 The particulate material obtained by an apparatus of the invention has a geometric weight 
mean diameter dg* of a10 urn such as, e.g., s20 pm. from about 20 to about 2000, from 
about 30 to about 2000, from about 50 to about 2000. from about 60 to about 2000, from 
about 75 to about 2000 such as, e.g. from about 100 to about 1500 pm, from about 100 to 
about 1000 pm or from about 100 to about 700 pm. In specific embodiments the 

10 geometric weight mean diameter is at the most about 400 urn or at the most 300 pm 
such as. e.g., from about 50 to about 400 pm such as, e.g.. from about 50 to about 350 
pm, from about 50 to about 300 pm, from about 50 to about 250 pm or from about 100 to 
about 300 pm. 

Many characteristics of the particulate material obtained by an apparatus according to the 
1 5 invention have already been discussed. In summary, a particulate material has good 
tabletting properties including good flowability and compactability. It has no or minimal 
adherence to the tabletting equipment either in itself or after addition of the normal 
amount of lubricants. It is an excellent alternative for incorporation of active substances 
with very low water solubility and/or with a very low bioavailability, or active substances 
20 which are subject to degradation in the presence of water (the process may be carried out 
without any water). 

Thus, a particulate material of the invention is excellent for a further processing into e.g. 
tablets. In contrast to capsules, tablets are normally easier and cheaper to produce and 
tablets are often preferred by the patient. Furthermore, a tablet formulation is relatively 
25 easy to adjust to specific requirements, e.g. with respect to release of the active 
substance, size etc. 

The particulate material obtained by an apparatus according to the invention may be used 
as such, or it may be further processed to the manufacture of a pharmaceutical and/or a 
cosmetic composition by addition of one or more suitable pharmaceutically and/or 
30 cosmetically acceptable excipients. Furthermore, the particulate material obtained may be 
provided with a coating to obtain coated particles, granules or pellets. Suitable coatings 
may be employed in order to obtain composition for immediate or modified release of the 
active substance and the coating employed is normally selected from the group consisting 



29 



of film-coatings (for immediate or modified release) and enteric coatings or other kinds of 
modified release coatings, protective coatings or anti-adhesive coatings 

The particuiate material obtained by an apparatus of the invention is especially suitable 
for further processing into tablets. The material possesses suitable propert.es for 

5 tabletting purposes, of. below, but in some cases it may be suitable to add further 
therapeutically andVor prophylactically active substances and/or excip.ents to the 
particulate materia) before the manufacture of tablets. For examples, by using a nurture of 
i) an active substance contained in modified release coated granules or granules .n the 
form of modified release matrices and ii) an active substance in freely accessible form, a 

10 suitable release pattern can be designed in order to obtain a relatively fast release of an 
active substance followed by a modified (i.e. often prolonged) release of the same or a 
different active substance. 

As appears from the above, a particulate material obtained by an apparatus of the 
invention is suitable for use in the manufacture of tablets obtained by direct compress,on. 
15 Furthermore, the particulate material may in itself be employed as a binding agent for use 
in dry granulation processes. 

• 

A particulate material obtained by an apparatus according to the invention may be 
employed in any kind of pharmaceutical compositions in which the use of a sol.d 
particulate material is applicable. Thus, relevant pharmaceutical compositions are e.g. 
20 solid semi-solid, fluid or liquid composition or compositions in the form of a spray. The 
particulate material may also be incorporated in a suitable drug delivery device such as. 
e.g. a transdermal plaster, a device for vaginal use or an implant. 
Solid compositions include powders, and compositions in dosage unit form such as. e.g. 
tablets, capsules, sachets, plasters, powders for injection etc. 

25 Semi-solid compositions include compositions like ointments, creams, lotions, 
suppositories, vagitories, gels, hydrogels, soaps, etc. 

Fluid or liquid compositions include solutions, dispersions such as, e.g., emulsions, 
suspension, mixtures, syrups, etc. 

A preferred embodiment of a spray nozzle 10 according to the present invention Is shown 
30 in Fig 1 The spray nozzle 10 comprises central tube 26 defining a central passage 12 for 
supply of a liquid, the passage terminating in an orifice 14 for discharge of the liquid. The 
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central tube 26 is surrounded b, a second tube whereby a firs, passage 16 

bleen » centra, tuba 36 and the second tube 28. The 6rst passage » •««---« 
M discbarge open ln g 16 surrounding the o*e 14 and causing air supplied tbrougb Ibe 
5 first passage 16 to be mixed with the liquid to provide a liquid/air spray 20. 

The second tube 28 is surrounded by a third tuba whereby a second passage 22 for 
supply of secondary air is denned between the second tube 28 and the M tube 30. The 
second passage 22 surroundings generally concentrically the first passage 16 and 
ZZL m a second discharoe opening 24 generoily concentric** me nrstrascharge 
,0 « 18 and being pos,«oned a, a dfcfcnce upstream In ro-ation «o the 6rs. d,scharga 
opening 18. Heated air supplied through me second passage 22 prevents depos,bon of 
material on the outer surface of the spray nozzle 10 adjacent the onfice 14. 

The tubes are made of stainless steel. 

The second tube 28 is terminated in a nozzle cone 32 at the end of the second tube 28. 
15 The nozzle cone 32 comprises the first discharge opening 18. The end of the second tube 
28 is threaded, and the nozzie cone 32 is removably attached the second tube 28 ,n 
threaded engagement 

A jacket 34 is positioned at the end of the third tube 30. The jacket 34 comprises the 
second discharge opening 24. The position of the jacket 34 on the third tube 30 ,s 
20 adjustable so that the size of the second discharge opening 24 can be adjusted as 
desired. 

The nozzle cone 32 and the jacket 34 are made of stainless steel. However, it may be 
preferred to manufacture the nozzle cone 32 of plastic, such as polycarbonate, or nylon, 
to obtain a heat insulating nozzle cone that facilitates further increase of the temperature 
25 of the first composition without substantially raising the temperature of the outer surface of 
the nozzle cone and the surrounding parts of the spray nozzle 10. 

Further, surfaces of the spray nozzle may be coated, e.g. with teflon, especially in the 
vicinity of the orifice 14 for further inhibition of deposition of material at the spray nozzle 
10 that may clog the spray nozzle and prevent further operation without cleaning. 
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w t ^ oHi«ne on the SDray nozzle 10 after operation in a 

in Fins 8-16 ohotographs of depositions on me spi««y< i 

ZZL apparatus at vartous apetatlna temperatures o, me a^ng a, 

and the cleaning air. 

The following parameter values are valid for all of Figs. 8-16: 

5 - Atomiser airflow: 1.9 m 3 /h 

■ Cleaning air flow. 2.4 m 3 /h 

■ Temperature setting of earner tank 50: 90 °C 

■ Feeding tube temperature: 85 °C 

- First composition flow. 1 0-20 g/min 

10 - Second composition: 300 g lactose 200 Mesh. 

- Fluidising air flow: 20-40 m 3 /h at ambient temperature (20-23 °C) 
• Applied amount of carrier: 250 g 

In Figs 8-12 PEG 3000 having a melting temperature in the range 48 - 54 °C were 
sprayed on the second composition. Figs. 8 and 9 show the spray nozzle after operate 
15 with an atomiser air temperature setting at 100 »C and a cleaning air temperature settmg 
at 60 °C. As seen in Figs. 8 and 9, material was deposited on the spray nozzle, and 
atomisation was interrupted. At these conditions, but without the first and second 
composition, the temperature at the spray nozzle was measured to be 48 °C u e. at the 
lower end of the melting range of PEG 3000. This is believed to cause sol.d.ficat.on of the 
20 melted carrier at the tip of the nozzle. 

Fig 10 shows the spray nozzle after operation with an atomiser air temperature setting at 
140 »C and a cleaning air temperature setting at 80 °C. As seen in Fig. 10, matenal was 
deposited on the spray nozzle, however atomisation was not interrupted. At these 
conditions, but without the first and second composition, the temperature at the spray 
25 nozzle was measured to be 59 °C. i. e. above the melting range of PEG 3000. It ,s 

believed that the nozzle surface temperature is too high causing adhesion of the melted 
carrier to the tip of the nozzle. 

Figs 1 1 and 12 show the spray nozzle after operation with an atomiser air temperature 
setting at 140 °C and a cleaning air temperature setting at 60 »C. As seen in Figs. 1 1 and 
30 12 materia, was deposited on the spray nozzte. however atomisation was not interrupted. 
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M erase oo^ns. M v*hou, the firs, an, second c^po^cn. i. ^ 
sp ray nozzle «as measured to be 58 °C. i. e. above me meleng range of PEG 3000. It ,s 
£ld ma. .he no^e surfeee .emperatore is too h*h eausing adhesfcn o, .he me«ed 
carrier to the tip of the nozzle. 
5 In Figs. 13-16, PEG 6000 having a melting temperature in the range 55 - 63 <"C were 
sprayed on the second composition. 

Fig. 13 shows the spray nozzle after operation with an atomiser air temperature setting at 
140 -C and a cleaning air temperature setting at 100 -C. As seen in Fig. 13, matenal was 
deposited on the spray nozzle, however atomisation was not interrupted. At these 
1 o conditions, but without the first and second composition, the temperature at the spray 
nozzle was measured to be 59 -C. Adhesion is probabiy caused by iiquid droplets acting 
as seeds for further adhesion of solid particles. 

Fig 14 shows the spray nozzle after operation with an atomiser air temperature setting at 
140 °C and a cleaning air temperature setting at 70 -C. As seen in Fig. 10. material was 
15 deposited on the spray nozzle, and atomisation was very poor. At these conditions, but 
without the first and second composition, the temperature at the spray nozzle was 
measured to be 52 «C, i. e. below the melting range of PEG 6000. It is believed that 
material deposition is caused by solidified liquid droplets and adhesion of solid parties of 
the second composition. 
20 Fig. 1 5 shows the spray nozzle after operation with an atomiser air temperature setting at 
140 "C and a cleaning air temperature setting at 40 -C. As seen in Fig. 15. a lot of 
material was deposited on the spray nozzle, and atomisation could not be achieved. 

Fig 16 shows the spray nozzle after operation with an atomiser air temperature setting at 
140 °C and a cleaning air temperature setting at 80 °C. As seen in Fig. 16. very Irttle 
25 material was deposited on the spray nozzle, and reliable atomisation was ach.eved. At 
these conditions, but without the first and second composition, the temperature at the 
spray nozzle was measured to be 54 «C. i. e. close to the lower limit of the melting range 
of PEG 6000. 

Thus proper atomisation of the first composition requires that the atomising temperature 
30 at the nozzle orifice exceeds or at least correspond to the melting temperature of the 
carrier. Further, the atomisation air flow must be sufficient for atomisation of the first 
composition. 
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The temperate of me deaning air must be sufficient* tow to cool the surface of the 
nozzle So to the lower end of the melting temperature range of me earner. If the 
tomperale is higher, adhesion of liquid droplets migh, resui, in deposds rfsolid ^second 
compesraon material. I. toe temperature is lower. « q uid droplets migh. «*« and act as 
5 seeding for build up of deposits. 

The deaning air flow should be sufflcien, to create a heating zone around Are nozzle and 

reduce the deposits of solid pedicles around the orifice In the counter current air flow of 

the fluid bed. 

Some examples of preparation of a particulate materia, with an apparatus according to the 
10 present invention are given below. 

Materials 

All materials employed were of pharmaceutical grade. 
Calcium hydrogen phosphate (Di-cafos A): Budenheim 
Croscarmeltose Sodium Ac-Di-Sol: FMC 
15 Magnesium stearate: Magnesia GmbH 
Polyethylene glycol: Hoechst 
Lactose: DMV 

Other materials employed appear from the following examples. 
Example 1 

20 Preparation of a particulate material with an apparatus according to the invention 

The example illustrates the preparation of a particulate material comprising a relatively 
,arge amount of a carrier. The particulate material obtained exhibits good flowability, good 
comparability and possesses excellent tabletting properties. Thus, the particulate 
materia, a.low the preparation of e.g. tablets and in spite of the relative* large load of 
25 carrier the tablets disp.ay minima., .f any. adherence (sticking) to tablet punches and/or 
dies during compression. Furthermore, the tablets obtained have acceptable propert.es 
with respect to disintegration, weight variation and hardness. 
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Starting materials 

Lactose monohydrate (DMV) 125 mesh 
Calcium hydrogen phosphate anhydrous (Di-Ca-Fos P) 
Polyethylene glycol 6000 (PEG 6000) having a melting point of about 60 "C 
5 Equipment 

Fluid bed Strea-1 (from Aeromatic-Fielder) mounted with a special developed top-spray 
binary nozzle having an opening of 0.8 mm. 

Granular compositions 
Composition 1.1 
10 Lactose 500 g 

PEG 6000 420 g (sprayed on lactose) 

The composition has a carrier concentration of 45.6% w/w. 

Composition 1 .2 

Calcium hydrogen phosphate anhydrous 500 g 
15 PEG 6000 210 g (sprayed on calcium hydrogen phosphate) 
The composition has a carrier concentration of 29.6% w/w. 
Process conditions - description 

Lactose (or for composition 1.2 calcium hydrogen phosphate anhydrous) was fluidised at 
appropriate inlet airflow. The Inlet air was not heated. PEG 6000 was melted using an 

20 electrically heated pressure tank. The temperature was Kept at a temperature at about 85 
-C. i.e. above the melting point of PEG 6000. The melt was pumped from the tank to the 
nozzle through a heated tube. In the tube, the temperature was kept at 80 X. The 
pressure in the tank determined the flow rate of the melt. The nozzle was heated to keep 
the droplets in a liquefied stage by means of heating the atomizer air delivered through 

25 the top-spray nozzle. 
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Settings 

Inlet airflow: 30-50 m 3 per hour 
Inlet air temperature: Ambient temperature (20-25 °C) 
Tank temperature: 85 °C 
5 Tank pressure: 1.5 Bar corresponding to a flow rate of 14-15 g/min 

Tube temperature: 80 °C 
Atomising air temperature: 100 "C 
Process time: 28 min 

Product temperature at equilibrium: 40 °C (after 15 minutes) 
10 Product characteristics 

The products (composition 1.1 and 1.2) appear as free flowing granular products with a 
mean granule size of approx. 300-500 pm. 

Example 2 

Controlled agglomeration - proof of concept 

15 Method 

Controlled agglomeration is obtained by keeping the product temperature at minimumlO 
•C below melting point of the carrier reducing the probability of agglomeration due to 
coalescence. Controlled agglomeration is characterised by gradual increase in mean 
granule size (geometric weight mean diameter «W as function of applied amount of 
20 carrier. In contrast, uncontrolled agglomeration shows rapidly increasing granule size. As 
a proof of concept the granule growth pattern are compared corresponding to the 
following conditions: 

• inlet ftuidising air temperature of ambient temperature: 20-25 °C 

• Inlet fluidising air temperature of 85 "C leading to a temperature of the product 
25 of about 50-60 °C. 
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Starting materials 

Lactose monohydrate 125 mesh 

Polyethylene glycol 6000 

Equipment 

5 Fluid bed Strea-1 mounted with a top-spray binary nozzle. 
Granular compositions 
Lactose 400 g 

p 6G 6000 inched stepvrfse In separate expert (from 0% ,0 about 60% Ww in the 
final composition) 
1 0 Process conditions 

The conditions were the same as described in Example 1 . 

Settings (controlled agglomeration) 

Inlet airflow: 30-50 m 3 per hour 

Inlet air temperature: Ambient temperature (20-25 °C) 

15 Tank temperature: 90 °C 

Tank pressure: 1 .5 Bar corresponding to a flow rate of 14-15 g/min 

Tube temperature: 85 °C 
Atomizer air temperature: 1 00 °C 
product temperature at equilibrium: 40 °C 
20 Settings (uncontrolled agglomeration) 
Inlet airflow: 30-50 m3 per hour 
Inlet air temperature: 85 "C 
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Tank temperature: 90 °C 

Tank pressure: 1.5 Bar corresponding to a flow rate of 14-15 g/min 
Tube temperature: 85 °C 
Atomizer air temperature: 100 °C 
5 Product temperature at equilibrium: 55-65 -C Product characteristics 

increasing amounts of PEG were sprayed onto the fluidised lactose particles and the 
particle size distribution of the products was analysed by method of laser 
dispersing the aggbmerates in air. The correlation be^een mean granu e M 
weight mean diameter «U and applied amount of carrier demonstrates 
10 between controlled and uncontrolled agglomeration as shown in F,g. 2 and Table 1. Table 
1 includes the geometric standard deviation s B related to the wideness of the s.ze 
distribution. 



Product temperature 40-45 °C 
Inlet air temperature: Ambient 



Product temperature 50-60 °C 
Inlet air temperature: 85 °C 
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Tab te 1 Pa«e size *araOensllcs of granufafe prodec* produced by agglome^on by 
nTs rayfng in ft*, bod a,heafed and abated - 
amount of PEG 6000 concentrations. D„ : G«maWc walght mean dtameter. S.. 
Geometric standard deviation. 
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CLAIMS 

, A^no Z zle(1 0 )co n ^aoenWpassag e (12)tbrsup P l, 0 fa«, Ui d.th= 
passage terminating In an orifice (14) for discharge of the kquid. 
a first passage (16) for supply of primary air, the firs, passage (16, terminating in a firs. 
5 ZZe opening (18, causing alr supplied .hrough ,he firs, passage ,16, ,o he nexed 
with the liquid to provide a liquid/air spray (20), and 

a second passage (22) for supply of seconds alr. the second passage 

„ a second discharge opening (24). heated * supplted through fhe secon^ »™ 

prevent deposition of materta, on outer surfaces of .he spray nozzle (10) adjacent the 

10 orifice (14). 

2 A spray nozzle (10) according to claim 1. wherein the second discharge opening (24) 
is positioned at a distance upstream in relation to the first discharge opening (1 8). 
3. A spray nozzle (10) according to claim 1 or 2. wherein the first discharge opening (18) 
is generally concentric with the orifice (14). 
15 4 A spray nozzle (10) according to any of claims 1-3, wherein the second discharge 
opening (24) is generally concentric with the first discharge open.ng (14). 
5. A spray nozzle (1 0) according to any of the preceding claims, comprising a central 
tube (26). the interior of which defines the central passage (1 2). 

6 A spray nozzie (10) according to claim 5. wherein the centra, tube (26) is made of heat- 
20 resistant plastic, such as PTFE, silicone. PVC, polyethylene, etc. 

7. A spray nozzle (1 0) according to claim 5, wherein the central tube (26) is made of 
stainless steel. 

8. A spray nozzle (10) according to daim 5. wherein the centra! tube (26) is a flexible 
hose, e.g. made of teflon. 

25 9. A spray nozzle (10) according to any of claims 5-8, wherein the central tube (26) is 
removable. 
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10 A sora, nozzle (10) accord.-* to any of Calms 5-9. further comprising a second tube 
XsZZ*!* cenira, tube (20). toe 6rs4 passage ,16, being defined between toe 
central tube (26) and the second tube (28). 

11 A spray nozzle (10) according to claim 10, further comprising a third tube (30) 

1 1 . A spray na^ic v / hpina defined between the 

5 surrounding the second tube (28). the second passage (22) be.ng 

second and the third tube (30). 

12 Aspray nozz,e (10) according to any of daims Ml. further comprising a nozzle cone 
» poZed a, toe end of toe second lube (28, and comprising toe firs. dscharge 
opening (18). 

10 13 AspmyrK>zz l e(10)accprdingtoclaim12.v^relntoenozz l econe(32)isma*of 
HIL, . dtonlum. composes, such as composite fibre materia*, etc. p-asbc. such 
as polycarbonate, nylon, etc. 

14. A spray nozzle (10) according to claim 12 or 13. wherein the nozzle cone (32) is 
removably attached to the first tube. 
15 15 A spray nozzle (10) according to any of claims 11-14, further comprising a jacket (34) 
poslned at the end of the third tube (30) and comprising the second discharge open,ng 
(24). 

16 A spray nozzle (10) according to claim 15. wherein the jacket (34) is movably 
positioned at the end of the third tube (30) for adjustment of the size of the second 
20 discharge opening (24). 

17. A spmy nozzle (10) accoming to daim 15 or 16. therein toe iacket (34) Is removably 
attached to the third tube (30). 

18. A spray nozzle (10) according to any of claims 15-17. wherein the jacket (34) is 
tapered towards the second discharge opening (24). 

25 19. Asp raynozzle(10)accordingtoanyofc.aims10-18. wherein the second tube (28) is 
made of stainless steel. 

20. A spray nozzle (10) according to any of Calms 1 1-19. wherein the third tube (30) is 
made of stainless steel. 
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21 . A spray nozzle (1 0) according to any of the preceding claims, comprising a teflon 
coated surface. 

22. A spray nozzle (10) accord.-,, to claim 21. where* theiacket (34) is tenon ® coated. 

23. Aeprayr*>zde(10>accomir*toctelm21 or 22. wflereln the nozzle cone is teflon ® 
5 coated. 

24 A spray noz* (10, according to any of me precede Cairns, comprising a firs, pari 
M extends along a flrs. axis, and a second pari extending along a second ax* that 
forms an angle o with the first axis. 

25 . A spray nozzle (10) according to Cairn 24. wnerain die angle a is approximate* equal 
10 to 90°. 

26. An apparatus (40) for controlled agglomeration, comprising 
a spray nozzle (10) according to any of the preceding Calms. 

afluid bed (42)forfluidisaflon of a second composition (44, having a temperature of a. the 
most a temperature corresponding to a melting point of a carrier (48,. such as a 
„ temperature of a, least atou, 2 -C. at leas, about 5 -C o, a, teas, about 

*a meldng point of me carrier (48). the spray nozzle (10) being mounted n M M M 
W f- spraying a flrs. composiflon ,46) comprising the earner (48, In Ik.uk. form on me 
second composition (44, fluidised in the fluid bed (42). 

a temperatura and pressure conflofled tank (60) containing the flrsl composWor. (46), and 
20 connected to the central passage (12, for supply of the first compost (46) a. a 
temperature above the melting point of the carrier (48). 

a fust temperatera controlled pressurised air supply (52) that is connected to me flrs. 
passage (16) for supplying heated atomising air to the spray nozzle (1 0). and 

a second temperatura contraHad pressurised air suppiy (54) the. is connected to the 

25 second passage (22) for supplying heated cleaning air to the spray nozzle (1 0). 

27 An apparatus (40) according to Caim 26. when* the carrier 48 has a melflng point of 
abou, 5 Z or mora such as. e.g.. about 10 -c or mcve, about 20X or more or abou. 25 
°C or more. 



42 



28 An apparatus (40) according to daim 26 or 27. wherein the temperature of the 
supplied atomising air is above the melting point of the earner. 

29 An apparatus (40) according to any of ciaims 25-28, wherein the temperature of the 
suppTJ ■ Lnlng * - at the tow. end o, the meting temporal range of the earner. 

5 30. An apparatus (40) according to any of cteims 26-29. wherein the fluid bed isaroto 
fluid bed. 

». An apparatus (40) according te any of claims 26-29. wherein .ha fluid bed is a 
Wurster fluid bed, 

32. An apparafus (40) according to an, of claims 26-29. wherein the fluid bed is a Kuge, 
10 coater. 

33. An apparatus (40) according to any of Cairns 26-29, wherein the spray noz*e (10) is 
mounted at the top of the fluid bed (42). 

34. An apparatus (40) according to any of claims 26-29. wherein the spray nozzle (10) is 
mounted at the bottom of the fluid bed (42). 

15 35. An apparatus (40) for controlled agglomeration, comprising 
a spray nozzle (10) according to any of claims 1-25, 

an intensive mixer for mixing of a second composition (44) having a temperature of at the 
most a temperature corresponding to a melting point of a carrier (48). such as a 
Lperaturofat,eastabout2-C. at least aboutS'Cor at least 
20 the melting point of the carrier (48), the spray nozzle (1 0) being mounted ,n the m,xer or 
graying a first composition (46) comprising the carrier (48) in liouid form on the second 
composition (44) during mixing in the intensive mixer. 

a temperature and pressure oontrol.ed tank (50) containing the first composition (46). and 
connected to the central passage (12) for supply of the first composition (46) at a 
25 temperature above the melting point of the carrier (48). 

a first temperature controlled pressurised air supply (52) that is connected to the first 
passage (16) for supplying heated atomising air to the spray nozzle (10), and 
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a second temperature controlled pressurised air supply (54) that is connected to the 
second passage (22) for supplying heated cleaning air to the spray nozzle (10). 

36. An apparatus according to claim 35. wherein the intensive mixer is a high shear 



mixer. 



5 37. An apparatus according to claim 35, wherein the intensive mixer is a low shear mixer. 

38. An apparatus according to any of claims 35-37. wherein the intensive mixer is a 
horizontal mixer. 

39. An apparatus according to any of claims 35-37. wherein the intensive mixer is a 
vertical mixer. 

10 40. A spray dryer with a spray nozzle according to any of claims 1-25. 

41. A spray dryer according to claim 40. wherein the spray nozzle (10) is mounted at the 
top of the spray dryer. 

42. A spray dryer according to dalm 40. wherein the spray nozzle (10) is mounted at the 
bottom of the spray dryer- 
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